An experiment was performed to evaluate alterations of energy metabolism with time in 10 groups of 16 barrows just after transportation. Ten-week-old pigs were fed at once (four groups; LF) or twice (three groups; MF) maintenance level (35 and 75 g.kg.75.d-1, respectively), or allowed ad libitum access to feed (three groups; HF). The 13.5-d experimental period was divided into two balance periods. Heat production (H P) decreased with time. The changes in HP with time were different among feeding level groups ( P < .001); the LF group had the greatest decrease. Metabolizable energy intake remained constant with time for the LF and MF groups and decreased for the HF group. Requirements for maintenance energy and efficiency of ME for growth decreased with time. Feeding level influenced ( P < .001) energy retention ( E R ) during the total experimental period. The LF group had a negative ER ( -65 kJ.kg.75&1), whereas in the MF and HF groups positive values for ER were obtained (346 and 757 kJ.kg-.75&1, respectively). At all feeding levels, animals had a positive protein gain. The level differed between feeding levels ( P < .001). Differences among groups ( P < .001) were observed in energy retained as fat. Data from the present experiment show that young pigs are not in a steady state of energy metabolism during the 2 wk after transportation. During this period, the relationship between metabolic rate and feed intake alters with time.
Introduction
Thousands of animals are moved for different purposes (MOSS, 1982; Jesse et al., 1990 ). Several problems can arise after such transport. Apart from transport death, there are other signs that animals are often stressed beyond the limits of adaptation, such as modifications in growth, and health alterations (Hails, 1978; Mayes et al., 1988; Baucus et al., 1990) . Various effects of preslaughter transportation have been reported for pigs (Becker et al., 1989; Warris et al., 1990; Lopez et al., 1991) .
Young pigs are frequently transported approximately 25 kg from breeding to finishing farms. In addition to the stress of transportation itself, they are (Dutch Yorkshire x Dutch Landrace) and were 10 wk of age at the time of transport. All 10 groups of pigs were obtained from the same breeding farm. With each transport, two groups were transferred together to the experimental facilities. These 32 pigs (two groups) originated from eight different litters. Before and during transport, litters were not mixed. The weight before transport was 25.90 -t .21 kg (mean k SEI and the weight loss during the trip was .67 f .05 kg. The traveling distance was 70 km and the transport duration was 66.0 f 2.4 min. The mean ambient temperature, relative humidity, and air velocity inside the trailer during transport were 13.3 k 2.3"C, 83.4 _+ -156, and .22 f .01 m/s, respectively. At the breeding farm, pigs were fed to appetite. Before transport, pigs had been without feed for approximately 14 h. During this period of feed deprivation, water was available. A control group that had not been transported, regrouped, and exposed to new housing conditions was not included in the experiment. This is because such a procedure does not occur in practical pig production in The Netherlands. Furthermore, this experiment was aimed at the effect of feeding level on the changes in energy metabolism after transport, regrouping, and introduction to new housing conditions.
Upon arrival in the afternoon, pigs within litters were randomly allocated to two groups. Each group (16 pigs) was placed for an experimental period of 13.5 d in a large, open-circuit, indirect climatic respiration chamber . Within each chamber, animals were housed according to BW in one of two pens of 9 m2 each (eight pigs per pen). Each pen had a common area and eight individual feeding stalls of .36 m x 1.20 m (width x length) each. Environmental temperatures were kept constant at 24°C. This was assumed to be above the lower critical temperature at the experimental feeding levels (ARC, 1981; Verstegen, 1987) . Relative humidity was maintained at approximately 70%. Air velocity was < .2 m/ s. Animals were exposed to 12 h of light and 12 h of darkness. The artificial light period was from 0700 to 1900.
Feeding. During the experimental period pigs received the same standard commercial diet as that provided at the breeding farm. Diet composition is given in Table 1 . Determined GE content was 16.86 kJ/g (1 cal = 4.184 J ) and CP content was 18.56%. Animals fed at LF and MF received 35 and 75 gkg.75.d-1, respectively, which were approximately one or two times the maintenance requirement of metabolizable energy ( ME,), respectively. Pigs at LF and MF were fed individually and the daily amount of feed given was based on the average BW of animals per pen, adjusted for the expected daily BW change.
Animals fed at LF and MF received their daily feed in two equal portions at 0800 and 1530, which is similar to the feeding practice in The Netherlands. The HF group had continuous access to feed. Water was Measurements. The experimental period was divided into two balance periods of 6.5 and 7 d. Individual BW was measured before transportation, upon arrival (d 01, and at the end of the first (d 7) and second ( d 14) balance period. Energy and nitrogen balances per group were measured during each balance period. Daily feed intake of HF groups was determined at 0800. Feces with urine production was measured quantitatively per period per group and sampled for energy and nitrogen analysis. Gross energy values were determined by adiabatic bomb calorimetry and nitrogen content by the Kjeldahl method. The ME:GE ratio per group and per balance period was calculated from energy content of feed and feces with urine. Daily ME intake was calculated from the daily GE intake and average ME:GE ratio during the experimental period. Heat production was measured in 9-min intervals for 24 h by determining the exchange of oxygen and carbon dioxide as described by Verstegen et al. (1987) . These gaseous exchanges were used to calculate heat production (HP) according to the formula of Brouwer (1965) . Heat production was measured during the last 6 d of each balance period. Total energy retention ( ER) was calculated by subtracting HP from ME intake. The retention of N was estimated from N in feed, in feces plus urine, in aerial NH3, and in NH4+ of water that condensed on the heat exchanger. Energy retention as protein ( E%) was derived from the N retention, and energy retention as fat (E&) was calculated from ER and E% as described by Henken et al. (1991) .
Statistical Analysis. The SAS software ( 19 8 5 ) was used in all statistical evaluations. Body weight after arrival and weight loss during transportation were analyzed by one-way analysis of variance. Rate of BW change, feed intake, GE intake, ME:GE ratio, ME intake, ER, E%, and ERf were analyzed per balance period using the following statistical model:
where Yik = a specific trait at feeding level i, group j, and balance period k; p = overall mean; Fi = the effect of feeding level i ( i = 1, 2, 3); e1,ij = error term 1, which represents the random effect of group j within feeding level i (j = 1, ..., Ni, Ni = number of groups within feeding level i); Bk = the effect of balance period k ( k = 1, 2); and e2,ijk = error term 2.
The effect of feeding level, time (day number), and their interaction on HP were tested by means of an Ftest using the following model, with data of daily HP within groups taken as repeated measurements:
where Yijk = HP at feeding level i, group j, and day k; , u = overall mean; Fi = the effect of feeding level i ( i = 1, 2, 3 ) ; e1,g = error term 1, which represents the random effect of group j within feeding level i Cj = 1, ..., Ni, Ni = number of groups within feeding level i); dk = day -number during the experimental period ( k = 1, ..., 12); d = average day number during the treatment; /3 = overall regression coefficient of HP on d; pi = regression coefficient of daily HP on day number k within feeding level i; and e2,ijk = error term 2.
In both statistical models (Equations [ll and [21) , the effect of feeding level was tested for significance against the random effect of group within feeding level (error term 1). The effect of time (balance period or day number) and the interaction between time and feeding level were tested against the error term 2. The analysis of HP by Equation [21 was performed separately on HP data for the 1st and the 2nd wk but also for the whole experimental period. Daily ME intake was analyzed by the same statistical model (Equation [21) . The efficiency of utilization of ME for growth ( kg) is defined as the ratio between the increase in total energy retention and the increase in ME intake above the maintenance requirement (ME,) (Blaxter, 1989) . The heat increment of utilization of ME for growth is the ratio between the increase in HP and the increase in ME intake above ME, and is equivalent to 1 -k, (Blaxter, 1989) . The heat increments of utilization of ME for growth ( 1 -kg), ME,, and HP at zero ME intake were estimated by linear regression of HP on ME intake; values of HP and ME intake were averages of the experimental period. Similar regressions were calculated for values of HP and ME intake per day. The extrapolation of HP at zero ME intake is not equivalent to basal metabolic rate (Wenk and Kronauer, 1987) .
Units of measure used to express data are as follows: BW, kilograms; growth rate and feed intake, gramdday; GE, ME, HP, ME,, Ea, E%, and E&, kilojoules~kilogram-~75~day-1; linear change in ME and HP with time, kilojoules~kilogram-~75~day-2. .20 kg) were not different among treatments. In one group on LF, two animals were removed due to cannibalism. Data on growth rate, feed intake, GE intake, and ME intake are presented in Table 2 . Mean growth rates differed among feeding levels ( P < .001); they were 22, 548, and 969 g/d for LF, MF, and HF experimental groups, respectively. Growth rates differed between balance periods ( P < .001). The difference in growth rate between balance periods was affected by feeding level ( P < .001). Growth rate increased with time for the LF group, remained constant for the MF group, and decreased with time for the HF group (Table 2). As was intended by the experimental design, feed intake, GE intake, and ME intake were different among feeding level treatments. These traits were, however, also affected by time and its interaction with feeding level. For the LF and MF groups, GE intake remained similar between balance periods. For the HF group, GE intake decreased with time. The ratio of ME:GE was not affected by feeding level, time, or their interaction. Consequently, only for the HF group, ME intake was not constant with time. For this group, ME intake was lower during the second balance period (Table 2) . Data for daily ME intake for each treatment group are shown in Figure  1 . No time effect was present in daily ME intake for the LF and MF groups. For the HF group, ME intake Table 2 . Growth rate, metabolizable energy (ME):gross energy (GE) ratio, and ME, GE, and feed intake of young pigs at three different feeding levels during two successive balance periods given (NS = not significant, P > .05; P < ,001).
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--decreased with time by 11.6 k 1.5 k J . k~.~~. d -~ (i.e., the linear effect of time on ME intake).
Heat Production and Its Relation with Metabolizable Energy
Intake. Data on heat production for each feeding level are presented in Table 3 . Average HP was affected by feeding levels ( P < .001); heat production increased with ME intake. During the experimental period HP decreased with time ( P < .001) (Figure 2 ). The slope of the regression of HP with time differed among feeding levels ( P < .001).
Although ME intake was constant with time for both LF and MF groups (Figure l ) , the decline in HP with time was larger ( P < .05) for the LF group than for the MF group (Table 3) . There was a decline in ME intake of the HF group (Figure 1) . The decrease in HP with time for this group was similar to the -1800 t 5 1200 - decrease of MF. The difference in the decrease in HP with time among feeding levels was the highest in the first balance period (Table 3) .
For the whole experimental period, HP was related to ME intake (kilojoules~kilogram-~75~day-1) by the following equation:
x ME intake 131 R2 = .85 Table 4 . Feeding level influenced ( P < .001) mean ER, which was -65, 346, and 757 kJ.kg.75.d-1 for the LF, MF, and HF experimental groups, respectively. Energy retention differed between balance periods ( P < .05) and was affected by feeding level ( P < .001). Thus, ER increased with time for the LF and MF groups and decreased with time for the HF group. Energy retained in protein was affected by feeding level, time, and their interaction ( P < ,001). For all experimental groups, EF$, decreased with time (Table 4) . No time effect was present in ERf, although it was affected by feeding level and its interaction with time ( P < .001). Energy retained as fat increased with time for the LF and MF groups and decreased with time for the HF group, being related to the differences observed between groups in ER with time ( Table 4) .
Discussion
The present study was performed to evaluate alterations in energy metabolism with time of young growing pigs at three different feeding levels immediately after transport, regrouping, and exposure to new housing conditions. Apart from transport, young growing animals have to adapt to the new housing system and to feed quality and quantity (Verhagen et al., 1988; Lefaucheur et al., 1991) . The transport procedure was standardized to exclude some factors that could influence the adaptation mechanism (Moss, 1982) . All pigs were, therefore, obtained from one breeding farm and were fed the same standard commercial diet that they had received at that breeding farm. Furthermore, pigs from different litters were mixed for the first time just after arrival at the experimental facilities. In addition to the transport B .65 1 , , . . , . , , , , . . . CThe values in the columns below B1 and B2 are the mean values during first and second balance periods, respectively. U,V,WJ'~zMeans within a row lacking a common superscript letter differ ( P < ,051.
itself, the pigs in the present study had to adapt also to the regrouping and to the new housing conditions. Data show that after transport, HP of young pigs altered with time ( Figure 2 ). This indicates that pigs are not in a steady state with regard to their energy metabolism after arrival. Despite the constant ME intake with time for the LF and MF groups, the decrease in HP with time was larger for the LF group than for the MF group (Table 3 ) . A similar adaptive response was observed with young, restrictively fed calves after transport (Schrama et al., 1992) . It has been suggested that differences in energy metabolism may be related to alterations in voluntary feed intake (Verstegen et al., 1982) . Because feed for growing pigs is available ad libitum mainly during the growing period (Wenk et al., 19801 , differences in energy expenditure are confounded with differences in feed intake (Chiba et al., 1991; Henken et al., 1991) . In this experiment, the alteration in HP with time of the HF group was of the same magnitude as that for the MF group (Table 31 , although the ME intake of the HF group decreased with time by 11.6 k J . k~~~. d -~. Alterations in energy metabolism with time after arrival in pigs fed to appetite can be masked by effects of feed intake.
Mean MEm during the total experimental period was estimated as 558 k J~k g .~~. d -l . This is similar to values found in young growing pigs from 25 to 35 kg (Verhagen et ai., 1987) . However, these values are higher than data reported by ARC (1981). Verhagen et al. (1987) suggested that their pigs were not fully acclimated to their new environment, which resulted in the higher ME, values. The estimated value of k, (.72) for the total experimental period is similar to earlier estimates (ARC, 1981) . The effect of feed intake on the decline in HP with time indicates that the relationship between HP and ME intake alters with time. This is reflected both by changes in MEm and in k, with time (Figure 3 ) . During the experimental period, MEm and kg decreased from 637 to 512 k J . k~.~~. d -l and from .79 to .68, respectively. By the end of the experimental period, both MEm and k, became more similar to values reported by ARC (1981) .
The observed changes in k, and ME, reflect the alteration in the relation between HP and ME intake with time. This may be related to a high metabolic rate of the pigs before they were transported. On the breeding farm, pigs had ad libitum access to feed. The greatest decline in HP observed at LF could be regarded as a carry-over effect of feeding level (Turner and Taylor, 1983) . Furthermore, the possible exposure of animals to stress related to transport and to their introduction to a new environment could be the cause of the high metabolic rate independent of the feeding level shortly after arrival (Wenk and Kronauer, 1987; Schrama et al., 1992) . Data showing alterations between HP and ME intake by unadapted growing pigs after transportation are, however, lacking.
The negative ER of the LF group (Table 4 ) could be related to the mobilization of body reserves and with the loss of weight during the 1st wk. Fat is the primary tissue substrate used for the internal energy demand (Graham et al., 1959; Just, 1984) . This is in agreement with the negative ERf and positive EF$, observed for the LF group. It has been reported that at low feeding levels, young animals will modify their metabolism to continue growth with a positive protein accretion (Wenk et al., 1980) . The efficiency of ME utilization for growth is dependent on the ratio between ER,, and ERf, because of the difference in efficiency between protein and fat accretion (ARC, 1981) . In the present study, changes in ER,, and E& between balance periods were affected by feeding level (Table 4) . For the HF group, the ratio between ER,, and E& remained similar. However, for both the LF and MF groups, E% decreased, whereas ERf increased, between the first and second balance period. The observed alteration in k, with time could be related to changes in the ratio between fat and protein deposition with time.
It can be concluded from the present experiment that young pigs are not in a steady state with respect t o energy metabolism. After transport, regrouping, and introduction to a new environment, the relationship between metabolic rate and ME intake alters with time. However, it remains unclear which mechanism is responsible for these modifications.
Implications
Young growing pigs are usually transported from breeding to finishing farms. They are exposed to changes in housing system, diet, and social regrouping. After arrival, animals need approximately 6 to 9 d before the metabolic rate reaches a normal level. This indicates that they are not in a steady state during this period. 'i'herefore, exposure to additional stressors (e.g., changes in climate) should be avoided during this period. Furthermore, the energy requirements are increased during this period. This would favor a higher feed intake during this period. However, a high feeding level might also be a stressor.
